Because soy food consumption may influence breast tissue activity, we examined its effect on the presence of epithelial cells in nipple aspirate fluid (NAF). In a randomized, crossover design, 82 premenopausal women completed a high-soy and a low-soy diet for 6 months each, separated by a 1-month washout period. They provided NAF samples at baseline, 6 months, and 13 months during the midluteal phase of the menstrual cycle. Papanicolaou-stained cytology slides (for 33 women at baseline, 24 at low-soy, and 36 at high-soy) were evaluated in women with sufficient NAF. Mixed models evaluated the effect of the high-soy diet on epithelial cytology as compared to baseline and the low-soy diet. At the end of the high-soy diet, cytological class had decreased in 8 (24%) and increased in 3 (9%) women as compared to baseline, whereas the respective values were 3 (14%) and 6 (29%) for the low-soy diet samples (p=0.32). Only the change in subclass indicated a trend in lower cytological class (p=0.06). Contrary to an earlier report, the number of NAF samples with hyperplastic epithelial cells did not increase after a soy intervention in amounts consumed by Asians.
INTRODUCTION
A number of epidemiologic studies support the hypothesis that soy foods protect against breast cancer, in particular among Asian populations with high intake (1, 2) . Because of their estrogen-like structure and properties, isoflavones as the active ingredients in soy beans have been the focus of clinical and experimental investigations (3) . Depending on dose, isoflavones may act as agonists or antagonists through competitive binding to estrogen receptors, but other mechanisms of actions have also been described (4) . Although the findings from randomized trials show little effect on breast cancer risk as assessed by serum estrogens (5) and breast density (6) (7) (8) (9) , it is possible that isoflavones act directly on breast tissue.
Nipple aspirate fluid (NAF) collection is a non-invasive method to obtain breast fluid and cells, which allow cytologic examination and detection of atypical and malignant cells (10) (11) (12) . The presence of epithelial cells, in particular atypical cells, has been associated with a higher risk of developing breast cancer (13, 14) . In previous reports, a soy intervention without a control group found an increase in number of women with hyperplasic epithelial cells (15) , but a randomized trial with an isoflavone supplement did not detect an intervention effect on cytologic atypia (16) . The objective of the current report was to examine the differences in NAF cytological class among premenopausal women who participated in a dietary intervention that administered soy foods for 6 months (17).
SUBJECTS AND METHODS

Study Design
We conducted a randomized, crossover soy intervention consisting of 6 months each on a high-soy and a low-soy diet with a 1 month washout between diets as described previously (17) . The study protocol was approved by the Committee on Human Subjects at the University of Hawaii and the Institutional Review Boards at the participating clinics. All participants signed an informed consent form. A Data Safety Monitoring Committee annually reviewed study progress, reasons for drop-outs, and any reported adverse health effects. Interested women were recruited through multiple sources (17) . Of 310 interested women, at least 10 µL of NAF, the minimum for participation was obtained from 112 (36%) women. Of these, 96 women were willing and eligible to proceed to randomization; the 48 women in Group A started with the high-soy diet, 2 servings of soy foods per day, while the 48 women in Group B went on the low-soy diet with <3 servings of soy foods per week. A serving was defined as 177 mL soy milk, 126 g tofu, or 23 g soy nuts providing ~25 mg of isoflavones a dose; participants were allowed to choose foods. No additional changes in lifestyle were recommended. A self-administered food frequency questionnaire that assessed usual food intake during the last year was completed by eligible women prior to randomization. As part of monthly contacts, participants reported changes in health status, if any, for monitoring of adverse health effects. Adherence to the intervention strategy was excellent as assessed by 7 unannounced 24-hour dietary recalls and urinary isoflavonoid excretion measured in urine samples collected at baseline and during each diet period (3 samples each) (17) .
Sample Collection
NAF samples were collected from each woman at the study visits (baseline, 6 months, and 13 months) planned to occur during the mid-luteal phase based on self-reported information on previous menstruation dates, cycle length, and actual date of next menstruation (17) . For NAF collection, a trained staff member demonstrated the collection technique using a FirstCyte© Aspirator, a device similar to a manual breast pump consisting of a 10 or 20 cc syringe attached to a small suction cup (18) . The NAF was collected with microcapillary tubes (10, 20 , and 50 µL) and the total amount was recorded. The first 20 µL of NAF were pooled in phosphate-buffered saline in a dilution of 1:11, well mixed, aliquoted, and stored at −80° C for sex hormone assays (19) . The next 5-20 µL were combined with Shandon Cytospin Collection Fluid to preserve breast cells for cytologic analysis. If more NAF was obtained, it was diluted in buffer again and stored for future assays. For women who produced <20 µL NAF, no cytology samples were available. Of the 82 women who completed the intervention, 36 produced sufficient NAF for cytological evaluation (Table 1) .
Cytology specimens were stored at 4-8°C for a period of no more than 2 months before slide preparation. Specimens were cytocentrifuged onto as many as 10 glass slides depending on the amount of available fluid. Slides were washed twice in 95% ethanol for 5 minutes each, rehydrated in tap water, and stained by the Papanicolaou method. If available, up to 5 cytology slides for each diet phase were evaluated by an experienced cytopathologist, but a maximum of 5 was chosen to keep the results comparable. At baseline, 5 slides were available for 21 women, 3-4 slides for 9 women, and 3 women had only 1-2 slides. The respective numbers were 15, 6, and 3 for the low-soy diet, and 19, 11, and 6 for the high-soy diet. The remaining slides were stored for future examination. Each specimen was designated as one of the following cytological classes ( Figure 
Statistical Analysis
SAS software version 9.3 (SAS Institute, Inc., Cary, NC) was used to perform all statistical analyses with a 2-sided p-value of <0.05 considered statistically significant. Descriptive comparisons of women with and without NAF cytology specimens were conducted using the chi-square or Fisher's exact test for categorical variables and the Student's t test for continuous variables. We also evaluated, using general linear models (PROC GLM), the differences in mean dietary intake of total fat and dietary fiber during the high-soy vs. lowsoy diet to assess the influence of dietary intervention on these nutrients previously linked with breast cancer. We calculated the number of days between NAF collection and the next menstruation and classified them into two categories: midluteal (3-11 days before the next menstruation) or outside that period. To assess the influence of the high-soy diet on NAF cytology as compared to baseline and the low-soy diet, we applied mixed-effects regression (PROC MIXED) models with cytological class as the dependent variable (continuous) and calculated the p-value for the high-soy diet while including time (month 6 or 13) and randomization group (A or B). We also modeled the change in cytological class from baseline to month 6 or 13 and evaluated the interaction between soy diet and randomization group.
RESULTS
The mean NAF volumes for women with and without cytology specimens differed significantly; they were 58±49 vs. 19±16 µL at baseline, 59±37 vs. 13±14 µL at the end of the high-soy diet period, and 51±40 vs. 10±9 µL at the end of the low-soy diet period (Table  1) . However, age at screening, reproductive characteristics, body mass index, ethnicity, randomization group, and dietary intake of total fat and dietary fiber were similar. Small differences for dietary isoflavone intake and urinary isoflavonoid excretion were observed; isoflavone intake was lower at baseline (2.2±1.9 vs. 6.3±9.1 mg/day; p < 0.01) and urinary isoflavonoid excretion was lower during high-soy (48.2±30.1 vs. 66.1±58.1 nmol/mg creatinine; p < 0.01) among women with than those without cytology. We also observed no differences in dietary intake of total fat and dietary fiber during the low-vs. high-soy diet across women with or without cytology specimens (data not shown). At baseline, NAF volume was sufficient for 33 women, and at the end of the low-soy and high-soy diet, specimens were available for 24 and 36 women, respectively (Table 2) . Thus, 21 women had NAF samples for cytologic evaluation at all 3 time points and 15 women at 2 time points (with one high-soy sample). Of all 93 NAF samples evaluated for cytology, 49 (53%) were collected during the midluteal phase.
Among the 33 women with cytology specimens at baseline, 16 women (49%) were designated as cytological class I, 13 women (39%) as class II, and 4 women (12%) as class III. At the end of the high-soy diet, 21 women (58%) were classified as class I, 12 (34%) as class II, and 3 (8%) as class III. The respective values at the end of the low-soy diet were 12 (50%), 9 (38%), and 3 women (13%). No cytological specimens were designated as class IV. Whereas > 50% of participants remained in the same cytological classes across the study period (p=0.32), a borderline significant difference (p=0.06) was observed at the end of the high-soy diet as compared to baseline and the low-soy diet when subclasses were considered. When an interaction term between soy diet and randomization group was added, this difference became highly significant (p<0.01) indicating that groups A and B responded differently to the dietary intervention. An evaluation of change in cytological class as compared to baseline suggested a trend (p=0.05) towards a lower cytological class. Specifically, a decrease in cytological subclass was seen in 8 women (24%) and an increase in 3 women (9%) at the end of the high-soy diet, whereas, at the end of the low-soy diet, a decrease in 3 women (14%) and an increase in 6 women (29%) occurred. When restricted to midluteal samples, however, the high-soy diet was not associated with changes in cytological class (p=0.14; Table 2 ).
DISCUSSION
In this soy trial among multiethnic premenopausal women, a daily consumption of 2 servings of soy foods for 6-months resulted in a modest trend of a lower cytological class in breast epithelial cells obtained from NAF. Although these findings suggest that regular soy intake at levels commonly seen in Asian countries (20) does not have adverse effects on epithelial breast cells and may even have a beneficial effect on NAF cytology, the small sample size of women for whom cytological specimens were available prohibits any firm conclusions. As we did not observe major changes in dietary fat or fiber intake during the two diet periods, it is unlikely that other nutritional factors that affect NAF cytology (21) are responsible for the small changes in NAF cytology during this trial.
The current study's findings are in contrast to a previous report, which found an increase from 4.2% to 29.2% of participants with hyperplasic epithelial cells after consuming soy protein isolate (15) . However, the study was relatively small and lacked a control group. In a more recent trial with soy supplements, no significant difference in epithelial cell morphology was detected between the study groups (16) . A few studies were able to directly examine breast tissue obtained from surgery or pathologic specimens. Women undergoing random fine-needle aspiration (16) who were randomized to a double-blind 6-month intervention of soy isoflavones or placebo detected a larger increase Ki-67 labeling index among pre-than postmenopausal soy-treated women, but the overall effect was not statistically significant. In women scheduled to receive a breast biopsy or to undergo surgery (22, 23) , the proliferation rate of breast lobular epithelium and pS2 levels in the breast fluid increased indicating an estrogenic stimulus after consuming a soy supplement. In a study using paraffin-embedded blocks from 268 breast cancer patients, hormonal and proliferation markers did not differ by adult soy intake (24) .
There is limited evidence whether or not NAF producers have an elevated breast cancer risk. In a follow-up of two large cohorts (13), the risk estimates were 1.6 (95% CI=1.1-2.3) and 1.2 (95% CI=0.8-2.0), respectively, for those with normal cytology in NAF as compared with women who produced no fluid. Two cohorts (14,25) described a 70-90% higher breast cancer risk for women with epithelial cells in NAF, but only epithelial cells that showed hyperplasia or atypia were associated with a significant 2-fold risk (95%CI: 1.1-3.6). These findings imply that the presence or absence of epithelial cells in NAF per se may not constitute an indicator of risk.
Our study had a number of limitations mainly related to the NAF collection process. In addition to the difficulties of accurately measuring the absolute amount of fluid collected, the number of attempts and the amount of time spent to obtain fluid influence the final volume collected at one time, in particular for women who produce large amounts of NAF. Therefore, the volume of NAF used to prepare cytology slides was not consistent across participants and collection times. The NAF volume used to create cytology slides ranged from 5-25 µL depending on the total amount collected. As a result, the number of slides examined per case varied from 1 to 5. Depending on the volume of NAF used to prepare the cytology slides, the slides for some women may have contained no cells although cells were present in the total amount collected and used for lab assays. Unfortunately, this soy trial was not powered for the cytology analysis since NAF volume and estrogens in NAF were the primary outcomes (17, 19) and the lack of exact timing in the menstrual cycle may have further biased the results.
On the other hand, this trial had considerable strengths. For a dietary intervention, this trial was relatively long-term, and the randomized crossover design allowed for assessment of between-and within-person effects. The study participants represented several ethnic groups; the soy foods in this study included traditional Asian foods that were administered in comparable amounts (20) ; the adherence to the dietary protocol was very high; and the drop-out rate was acceptably low, although only 36 out of 82 women who completed the study had sufficient NAF for cytology, and the analysis was based on multiple collections including NAF and urinary isoflavonoid levels (17) . To gain insight into breast tissue activity, it would be ideal to examine breast tissue, which is only available for small groups of women with abnormalities who require a biopsy and are supplemented with soy or isoflavones for a short time period before the procedure (22, 23) . Thus, despite its limitations, NAF is a more feasible method to look at breast cells in healthy women.
In conclusion, while there is widespread concern about possible adverse effects of soy foods (26) (27) (28) , the results of this study despite its many limitations and in combination with reports from fine needle and tissue biopsy samples (16, 22, 23) , suggest the safety of consuming soy foods in amounts comparable to traditional Asian diets. Cytology in nipple aspirate fluid samples collected at baseline and at the end of high-soy and low-soy soy diets a 
